Data mining techniques are being widely used in the field of education from the arise of e-learning platforms like Moodle, WebCT, Claroline, and others, and the virtual learning system they entail. Information systems store all activities in files or databases which, correctly processed, may offer relevant data to the teacher. This paper reports the use of data mining techniques and Differential Evolution Clustering for discovering learning routes frequently applied in the Moodle Platform. Data were obtained form 4.115 university students monitored in an online course using Moodle 3.1. Firstly, students were grouped according to the data from a final qualifications report in a course. Secondly, the data of the Moodle logs about each cluster/group of students was used separately with the aim of obtaining more specific and precise models of the students behavior in the processes.
and its effectiveness during the learning process, as well as classify the students into groups according to their orientation as a result of the monitoring actions [2, 3] .
Process Mining (PM) is a technique for mining data on applications that generate event logging to identify possible processes in a variety of application domains. The application of process mining activities should result in models of business process flows and information on their historical use (more frequent routes, less performed activities, etc.) [4, 5] .
This study aims to use Automatic Clustering Differential Evolution (ACDE) and data mining techniques to determine the number of clusters and learning routes of a group of university students in a Moodle virtual course with the purpose of facilitating the teaching-learning process.
2 Theoretical Review
Automatic Clustering Using Differential Evolution
Researches used automatic clustering methods for determining the number of clusters based on the Evolutionary Computation (EC) technique. K-means method has done a lot and has been published with different methods, namely Automatic Clustering using Differential Evolution (ACDE), combining methods between PSO and k-means on Dynamic Clustering with Particle Swarm Optimization (DCPSO), and Genetic Clustering for unknown k clustering (GCUK) [6] [7] [8] .
Automatic clustering methods have been used to determine the number of clusters in the k-means but are yet to achieve an accurate cluster result. Therefore, it is necessary to improve the performance of automated grouping methods used for determining the number of clusters.
The ACDE method is the most popular EC technique which has effectively improved the performance of automatic clustering methods proposed by previous researchers. ACDE predicated on the differential evolution (DE) method is one of the strongest, fastest, and most efficient global search heuristics methods in the world that is very easy to use with high-dimensional data [9] .
The ACDE was developed by [10] and the combination of ACDE and k-means methods was termed the automatic clustering approach based on the differential evolution method combined with k-means for crisp clustering method aimed at improving clustering performance in the k-means method (ACDE-k-means). The ACDE method can find the number of clusters automatically and is able to balance the evolutionary process of DE methods to achieve better partitions than the classic DE. However, the classic DE method still depends on user's considerations to determine the k activation threshold thereby affecting the performance of the DE method [11] [12] [13] .
Moodle
Moodle is the result of the Thesis of Martin Dougiamas from the University of Perth, in Western Australia. This university teacher wanted a tool to facilitate the social constructivism and cooperative learning. Its name comes from the acronym of Modular Object oriented Dynamic Learning Environment, although other sources mention that it comes from the English verb moodle that describes the process of wandering lazily through something, and doing things when one decides. According to the author's words, he wanted: "A program that is easy to use and as intuitive as possible". Mastering Moodle is simple, it is hardly necessary to control an iconography composed of 15 fully significant symbols [14] .
It is an e-learning tool that enables the non-face-to-face learning of the students, an aspect to be considered with many of the students who cannot attend classes because of their work or personal situations, which makes it necessary to have a tool that facilitates the virtuality, fundamental issue with the new format of tutorship that will force to a greater organizational work, as well as the management of practices and the works derived from the integration of more active pedagogies according to the philosophy of the New School theory [15] .
Materials and Methods

Database
The data used in this study was obtained from a Moodle 3.1 course used by 4,115 university students of Industrial Engineering from a private University in Colombia. The study was conducted during the 2017-2018 academic year. The research is carried out on a mandatory ninth-year subject matter.
Each unit is composed of three types of content:
• Level of declarative knowledge: theoretical content, information, and how to put the weekly learning-to-learn strategies into practice. • Level of procedural knowledge: practical tasks where students have to put into practice their declarative knowledge. • Level of conditional knowledge: discussion forums where the students have to deal with topics on how they can use strategies of the week in different contexts.
The mandatory tasks of each unit were: perform the practical task and publish at least one comment in each forum.
The suggested tasks of each unit were: understand the theoretical contents and put them into practice in the task, and share their experience on the topic of the week in the forum.
The system employs several different sources of information on which the data obtained from the work carried out by the students throughout the program are based.
On the one hand, Table 1 shows the variables that are taken into account, which determine the interaction that each student has on the Moodle platform.
These variables are calculated from the Moodle registry and different database tables.
These data obtained from Moodle and the different tables of databases are processed and converted into an .ARFF file to later apply a clustering algorithm.
Methods
The research applies a methodology that uses clustering to group students by type and thus be able to improve the models extracted with mining of processes (see Fig. 1 ).
The proposal performs a pre-grouping for groups of students with similar characteristics. Subsequently, mining of processes is applied to discover specific models of students´behaviors. As shown in Fig. 1 , the research proposes two different types of clustering/grouping [18, 19] :
• Manual: students are directly grouped using the final grade obtained in the course.
• Automatic: Students are grouped by applying clustering ACDE on information about the interaction they perform during the course in the Moodle platform.
There are two types of students in the Manual grouping:
1. Students whose final grade is less than 5 (suspended students) 2. Students whose final grade is greater than or equal to 5 (approved students)
For the automatic grouping, the variables used and its description to perform the clustering come from the interaction of the students in Moodle, as shown in Table 1 . 
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Data Mining
This research uses the ProM open source tool, which is a specific software for issues related to mining processes and the Heuristics miner algorithm that is based on frequency of patterns since it focuses in the event tracking [20, 21] .
In addition, the heuristic Miner is a heuristic network drawn as a cyclic directed graph, which shows, in this case, the most frequent behavior of students in each data set used. Default parameters of the Heuristic Miner algorithm of ProM is used, and as a measure of quality, Adjustment or Fitness [22] .
The Adjustment indicates the difference between the behavior actually observed in the registry and the behavior described by the process model. A sequence of activities that belong to the same case is called trace. The traces of the registry can be associated with execution paths specified by the process model. If the model has a low Adjustment, it indicates that the mining model of processes do not correctly parse most of the traces of record. This may be due to the presence of noise, as a result of activities which are not considered and connections that are missing [23, 24] .
Results
The experiments were conducted using a computing platform with Intel Celeron 2.16 GHz CPU, 8 GB RAM and Microsoft Windows 10-bit Home 64 used as operating system and MATLAB version R2016a used as the data analytics tool. The resulting clusters are shown in Table 2 using ACDE. Using the Heuristic Miner, the obtained results are shown in Table 3 . Table 3 shows that the lowest value of Adjustment Measure was obtained by using all data of students jointly, in which 3,416 out of 4,115 students fit in with the obtained model, i.e. the 83% of all students. On the other hand, all other models (obtained using clustering both manually and by ACDE) get an Adjustment value higher than 90% in all cases. The higher adjustment value was obtained when using data of suspended students, where 150 of the 160 students fit into the model obtained, i.e., the 93.75% of suspended students. Therefore, in this case, these specific models obtained using manual and automatic clustering represent/fit better than the general model obtained from all students. Table 4 displays information about the level of complexity or size of each of the models obtained.
Two typical measures of graph theory have been used (the total number of nodes and the total number of links) in order to see the level of complexity of the obtained models. Table 4 shows that the smallest model, and therefore more easily understandable, was obtained with the suspended students, followed by all students, and students in cluster 2. On the other hand, the other three models are much larger and complex. It is believed that the reasons could be:
• In the data set of all students, students exhibit different behaviors and show just some common actions because there are different types of students (approved and suspended). • In the data set of students that suspended and cluster 2, students show only some common behavior patterns because this type of students participates/interacts little in the Moodle platform. • In the data set of students who approved, cluster 0 and cluster 1, students show many more common behavior patterns because these students are more active users of Moodle.
Finally, the models with the best and worst Adjustment are shown. In our heuristics networks, boxes represent the events carried out by students when they interact with the Moodle platform and arches/links represent the relationships/dependencies between events. Then, Fig. 2 shows the heuristic network obtained when using students who approved in the course.
It is evident that these students have a greater number of associated subnets since the interaction with the platform is greater and, therefore, there is a greater diversity in terms of common events among these students.
On the other hand, Fig. 3 shows two subnets that are still most of the students who suspended in the course.
From an educational and practical point of view, this information can be used to provide feedback to the teachers on student learning and could be easily used to draw new students at risk of suspend in the course. For example, teachers just must check if the new students follow the same specific behavior routes/patterns followed by heuristic network students who suspended, that is, if they visit the same pages, see the same examinations, in the same order of suspended students above.
Conclusions
This paper proposes the use of grouping or clustering to improve the mining of educational processes and, at the same time, optimize both performance/adjustment and comprehensibility/size of the obtained model. The comprehensibility of the obtained model is a basic objective in education, due to the transfer of basic knowledge that this concept entails.
Charting, models, or a more accessible visual representation for teachers and students make these results very useful for the learning process follow-up and to provide feedback, being one of future challenges to do it in real time. In addition, Moodle does not provide specific visualization tools of data used by students to enable the different actors of the learning process understand these large amounts of "gross" data, and be aware of what is happening in distance education, in addition to extending the use of the results of adaptive hypermedia learning environments in which it is very useful to motivate students or recommend learning routes to enhance learning experiences in a more strategic way.
